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(57) Bicn que rhfterodimlrisation soit un paradigmc 
cotnmun aux fcctcurs de transcription eucaryotes, il reste 
a determiner comment des mononienrs individuels 
contriboent a ractivite* de transcription globale du 
complexe. Le recepteur d'acide rttinoTque 9-cis (RXR) 
tient lieu de part ena ire d'hete'roO it negation commun 



(37) Heterodi meruit ion is a common paradigm among 
eucaryooc transcription factors, though it remains 
unclear how individual monomers contribute to the 
o vera J I transcriptional activities of the complex. TV 
cis ret mo k acid receptor (RXR) serves as a common 
heterodimenzation partner for several nuclear reiep t m i 
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pour plusieurs recepteurs nucleaircv y compris les 
rtcepteurs d'hormones thyroTdiennes (T^R), d'acide 

n*tinoTque (RAR) et dc vitamines D. On a mis au point 
unc strangle pour analyser Ics caractcristiques dc 
transcription propres a chaque recepteur pris 
individuellement ou bien relic* a un panenaire 
hlteVodimlrique. II est apparu que ractivit* intrinsequc 
du RXR est masquee dans les hCtcrodimeres RXR-T^R 

et RXR -RAR. En revanche, le nouvel heterodimere 
RXR-Nurrl decrit dans la presence invention repond tres 
bien aux ligands de type RXR, ce qui semble indiquer 
que des partenaires different* exercent tine regulation 
allosteriqur unique sur la rtponsc aux RXR. Dc telle* 
constatations permettent de mettre en Evidence un 
nouveau trajet de reponse en ce qui concemc I'acide 
nftinoTquc 9-cis et de lever Tinconnue en ce qui concerne 
la maniere dont les recepteurs T^R et RAR et le 

recepteur de vitamine D 3 (VDR) cootribuent a des trajets 

physiclogiques distincts tout en ayant en commun une 
sous-unite de type RXR. 



including the thyroid hormone (T^R). retinoic acid 

(RAR) and vitamin D rrceptors. A strategy has been 
devised to examine the transcriptional properties of each 
receptor individually or when tethered to a heterodimeric 
partner. It has been found that the intrinsic activity of 
RXR is masked in RXR-T^R and RXR- RAR 

heterodimers. In contrast, a novel RXR-Nurrl 
heterodimer described herein is highly responsive to 
RXR ligands, suggesting that different partners exert 
unique allosteric control over the RXR response. These 
findings establish a novel 9-cis retinoic acid response 
pathway and resolve the paradox as to how T^R, RAR 

and VDR contribute to distinct physiologic pathways 
while sharing a common RXR subunit 
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A il PStfrift Ccntro] Of Nuclear Horrone R e ceptors 
Field of the Invention 



The present invention relates to intracellular 
receptors, and methods for the modulation thereof. In a 
particular aspect, the present invention relates to novel 
5 heterodimeric complexes. In another aspect, tht present 
invention relates to methods for modulating processes 
mediated by retinoid X receptor and/or orphan receptor 
Nurrl . 



Background of the Invent log 

10 Heterodimerization is a common theme in 

eucaryotic regulatory biology. Indeed, a number of 
transcription factor families have been defined by their 
characteristic dimerization interface. These include the 
leucine zipper (e.g. fos, jun, CREB, C/EBP; see, for 
15 example, Lamb and McKnight, in Trends Biochem. Sci. 1£:417- 
422 (1991)), helix-loop-helix (e.g. myc, max, MyoD, E12, 
E47; see, for example, Amati and Land, in Curr. Opin. 
Genet. Dev. 1:102-108 (1994)), rel (NFjcB , dorsal; see, for 
example, Blank et al . , in Trends Biochem. Sci . 17: 135-140 
20 (1992)), ankyrin (GABP; see, for example. Brown and 
McKnight, in Genes Dev. £:2502-2512 (1992)), and the 
nuclear receptor superf amilies (see, for example, Evans, in 
Science 2±£:889-895 (1988), and Forman and Samuels, Mol . 
Endocrinol. 1:1293-1301 (1990)). Detailed analyses of 
25 these proteins have shown that heterodimerization produces 
novel complexes that bind DNA with hiqher afinity or 
altered specificity relative to the individual members of 
the heterodimer (sec, for example, Glass, in Fndocr. Rev. 
1^:391-407 (1994)). Indeed, little is known about the 
30 contributions of each monomer toward the transcriptional 
properties of the complex. 
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Indirect repeats (DR. head-to-tail arrangement), 
the X„ sequence also serves as a gap which separates the two 
core-binding sites. Spacers of 1, 3, 4 and 5 nucleotides 
serve as preferred response elements for heterodimers of 
5 RXR with PPAR, VDR, T 3 R and RAR, respectively (see, for 
example,, Naar et al . , in Ceil £5:1267-1279 (1991); Umesono 
et al., 1991, sup^a; Kliewer et al . , in Na cure 25J*: 771 -774 
(1992); and Issemann et al., fiiipja) • The optimal gap 
length for each heterodimer is determined by protein- 
ic) protein contacts which appropriately position the DBDs of 
RXR and its partner (see, for example, Kurokawa et al . , in 
Genea Dev. 7:1423-1435 (1993); Perlmann et al . , in Genes 
Dev. 7:1411-1422 (1993); Towers et al . , in Proc. Natl. 
Acad. Sci. USA £fl:6310-6314 (1993); and Zechel et al . , in 
15 EMBO J. 12:1414-1424 (1994)). In contrast to this mode of 
DNA binding, a growing number of receptor- like proteins 
have been identified which bind as a monomer to a single 
core -site. The NGFI-b/Nurrl orphan receptors provide well 
characterized examples of this paradigm (Wilson et al . , in 
20 Mol. Cell Biol. 12:5794-5804 (1993)). 

Once bound to an HRE, each receptor responds to 
its signal through the C- terminal ligand binding domain 
(LBD) , which binds its cognate hormone with high aitnity 
and specificity (see, for example, Evans, 1988, supra : or 

25 Forman and Samuels, 1990, sUPXa) . The LBD is a complex 
entity containing several embedded subdomains. These 
include a C-terminal transactivation function (t2) , a 
series of heptad repeats which serve as a dimerization 
interface and a poorly-delineated transcriptional 

30 suppression domain (see Figure 1, and Forman and Samuels, 
1990, sjiETd) . 

The transactivation domain, t2, consists of 
approximately 20 amino acids with the potential to form an 
amphipathic or-helix (see Zenke et al . , in Cell £1:1035-1049 
35 (1990); Danielian et al . , in EMBO J. 11:1025-1033 (1992); 
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Cy« - X - x - cys - x - x - 



25 ri " « • X • Asp* . x 

Tyr* - X - x 



Ala* - X - Gly* - X 



X ' X - cys - x - x - cys - Lys* - 

I " Phe - >ne - X - A rg* - X - x - x - 
I * * " X - X - X - X - ( X -x cy. - 
* J X * X - * " X - (X - X - X cy. - 

X - X - Lys - x - X - Arg - x - x - 
- X - X - cys - Arg* - X - X 

LyS * " <V. - X - X - x - Gly* - Met 

(SEQ ID No l); 
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wherein X designates non- conserved amino acids within the 
DNA-binding domain; the amino acid residues denoted with an 
asterisk are residues that are almost universally 
conserved, but for which variations have been found in some 
5 identified hormone receptors; and the residjes enclosed in 
parenthesis are optional residues (thus, the DNA-binding 
domain is a minimum of 66 amino acids in length, but can 
contain several additional residues) . 



Examples of silent partners contemplated for use 
10 in the practice of the present invention are various 
isoform(s) of Nurrl, HNF4 (see, for example, Sladek et al. ( 
in Genes & Development 1: 2353-2365 (1<*9(P) , the COUP 
family of receptors [see, for example, Miyajima et al . , in 
Nucleic Acids Research 1£: 11057-11074 (1988), Wang et al., 
15 in Nature 163-166 (1989)], COUP-like receptors and 

COUP homologs, such as those described by Mlodzik et al., 
in Cell ££: 211-224 (1990) and Ladias et al., in Science 
251: 561-565 (1991), the ultraspiracle receptor [see, for 
example, Oro et al . , in Nature 117: 298-301 (1990)], and 
20 the like. 



RXR species contemplated for use in the practice 
of the present invention are selected from RXRar, RXR0, 
RXRy, and the like. 

In accordance with another emoodiment of the 
25 present invention, there is provided a method to suppress 
the constitutive activity of Nurrl. Such method comprises 
contacting Nurrl with at least the ligand binding domain of 
RXR. 



In accordance with yet another embodiment of the 
3 0 present invention, there is provided a method to render 
Nurrl -containing cells inducibly responsive to RXR 
selective ligands. Such method comprises contacting such 
cells with at least the ligand binding domain cf RXR. 
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In accordance with still another embodiment of 
the present invention, there is provided a method to render 
R^CR- containing cells responsive to RXR selective ligands. 
Such method comprises contacting said cells with a silent 
5 partner therefor. 



In accordance with a further embodiment ^f the 
present invention, there is provided a method for the 
identification of nuclear receptor (s) which participate as 
silent partner (s) in the formation of a heterodimer with 
10 RXR. Such method comprises 



introducing into a cell: 

at least the ligand bi:dirg domain of a putative 

silent partner for RXR, 
a chimeric construct containing a GAM DNA 
15 binding domain and at least the ligand 

binding domain of RXR, and 
a reporter construct, wherein said reporter 
construct comprises : 

(a) a promoter that is operable in said 
20 cell, 

(b) a GAL4 response element (or a response 
element for the putative silent 
partner, when substantially full length 
putative receptor is employed) , and 

25 (c) DNA encoding a reporter protein, 

wherein said reporter protein-encoding 
DNA is operatively linked to said promoter 
for transcription of said DNA, and 

wherein said GALA response element is 
3 0 operatively linked to said promoter for 

activation thereof, and thereafter 



monitoring expression of reporter upon exposure of the 
above-described cell to RXR selective ligand(s). 
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In accordance with a still further embodiment of 
the present invention, there is provided a method for 
identifying ligands selective for heterodimers comprising 
RXR and a silent partner therefor. Such method comprises 
5 comparing the level of expression of reporter 

when cells containing a reporter construct, RXR and silent 
partner therefor are exposed to test compound, relative to 
the level of expression of reporter when cells containing 
a reporter construct, RXR and a member of the 
10 steroid/thyroid superfamily which is not a silent partner 
therefor are exposed to test compound, and 

selecting those compounds which activate only the 
combination of RXR and silent partner therefor. 

The LBD of nuclear hormone receptors is a complex 
15 multifunctional unit containing subdomains for 
dimerization, transcriptional suppression and hormone- 
induced transact ivation (Forman and Samuels, 1990. suora ) . 
The dimerization domain incudes a series of heptaa repeats 
flanked by sequences required for ligand binding. Thus, 
20 the dimerization domain is embedded within the larger LBD. 
This structural arrangement raises the possibility that 
dimerization may serve as an allosteric modulator of ligand 
binding and transact ivation. This possibility has been 
investigated with the following observations. 

25 First, dimerization within the LBD is utilized to 

confer transcriptional suppression upon certain 
heterodimeric complexes. This is exemplified by unliganded 
T,R and RAT, which confer transcriptional suppression upon 
RXR. Similarly, in accordance with the present invention, 

30 it is demonstrated that RXR can suppress constitutive 
activation by Nurrl. 

Second, the intrinsic ligand binding capacity of 
the LBD can be modulated by dimerization. This is 
illustrated by the ability of unliganded RAR to abrogate 
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the ligand binding activity of RXR. It has also been found 
that T 3 R inducco a similar suppression, but the presence of 
ligand therefor, i.e., T,, is required for the complete 
effect. Thus, RXR is seen to serve as a silent partner 
when participating in tne T a R and RAR pathways. 



However, not all heterodimeric interactions 
restrict ligand-responsiveness . Indeed, in accordance with 
the present invention, it is demonstrated that RXR actively 
confers ligand-responsiveness upon the Nurrl -RXR 
10 heterodiraer complex. Similarly, it has previously been 
shown that the Drosophila ecdysone receptor (EcR) acquires 
ligand binding activity after heterodimerization with USP 
{Drosophila homolog of RXR; see Yao e t al., in Mature 
2££:476-479 (1993)). Thus, differential interactions among 
receptor LBDs can either restrict, redirect or lead to an 
acquisition of new ligand binding phenotypes. 



15 



In accordance with the results described herein, 
a structural model is proposed (see Figure 8) to account 
for the observations. In Figure 8, RXR (dark shading) and 
20 its partner receptor (e.g., T,R, RAR or Nurrl (designated 
■R- in the figure, shown in light shading) initially exist 
as monomers in solution. RXR in monomeric form is capable 
of binding ligand. RXR- receptor heterodimers then form, 
driven by the dimerization interface that is embedded 
25 within the ligand binding domain (LBD) . Subsequent to 
dimerization, binding of ligand (e.g., 9-cis RA) to RXR is 
modestly reduced by T,R and dramatically reduced by RAR. 
Addition of ligand for T,R (e.g., T,) results in a further 
reduction in 9-cis RA binding, while certain retinoids 
30 (shown as -RA- in the figure) such as Am580 (an RAR 
specific ligand) may restore 9-cis RA binding to RXR-RAR. 
It is of particular note that the Nurrl - RXR heterodimer 
maintains the ability to bind 9-cis RA. 
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The above -described structural model relies on 
the observation that a major dimerization interface is 
embedded within the larger LBD. It is proposed^ that upon 
dimerization, the structure of the RXR ligand 
5 binding/dimerization domain is altered. Each RXR partner 
gives rise to unique conformational changes that either 
maintain or abrogate RXR ligand binding activity. Binding 
of ligand by the partner receptor induces a conformational 
change that can be propagated through the dimerization 
10 interface onto the LBD of RXR. This model allows one to 
explain how the dimerization partner and its specific 
ligand exert allosteric control over the RXR ligand 
response . 

In the above -described model, the RXR monomer (or 
15 homodimer) is capable of binding ligand with high alnity. 
When RXR interacts with one of its non -permissive partners 
(i.e., TjR or RAR) , its ability to bind ligand is 
diminished. On the other hand, dimerization of USP/RXR 
with EcR promotes high afinity binding of ecdysone to EcR. 
20 It is believed that these effects are a direct consequence 
of the localization of a major dimerization interface 
within the LBD (see Figures 1 and 8). The above -described 
model predicts that this structural arrangement serves to 
functionally link dimerization and ligand binding 
25 activities. This would then provide a mechanism by which 
dimerization could exert allosteric control over the ligand 
response. 

In addition to dimerizaticr., ligand binding by 
one receptor may also result in allosteric modification of 

30 its partner. Specifically, binding of ligand to the RXR 
partner can either restore (as in the case of RAR) or 
further decrease (as in the case of T,R) the ligand binding 
potential of RXR (see Figure 6) . It is already known that 
upon ligand binding the cognate receptor undergoes a 

3 5 conformation change (see, for example, Toney et al.» in 
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Unlike previously described heterodimers , RXR 
functionally interacts with Nurrl in the absence of RXR- 
specilic DNA contacts (see Figure 7D) . Indeed, the ability 
to tether to a DNA bound monomer is a distinguishing 
5 feature of the Nurrl -RXR heterodimer complex. As a result, 
an RXR mutant that is deficient in DNA binding activates 
through Nurrl while it inhibits other receptor heterodimers 
(see Figure 7D) . 

In accordance with the present invention, there 
10 are provided methods for the modulation of Nurrl expression 
induced by physiological stimulus of a subject. Such 
method comprises administering to the subject an effective 
amount of a composition comprising at least the ligand 
binding domain of RXR. Physiological stimuli contemplated 
15 for treatment in accordance with the present invention 
include any event which induces production of calcium ions, 
cyclic AMP, ACTH, and the like. 

The invention will now be described in greater 
detail by reference to the following non- limiting examples. 

20 Example 1 

Cell Culture and Transfection 

CV-l cells were grown in Dulbecco's Modified 
Eagle's medium supplemented with 10% resin-charcoal 
stripped (Samuels et al., Endocrinology 105 :80-85 (1979)) 

25 fetal bovine serum, 50 U/ml penicillin G and 50 Mg/ml 
streptomycin sulfate (DMEM-FBS) at 37»C in 5% CO,. One day 
prior to transf ection, cells were plated to 50-80% 
confluence using phenol -red free DMEM-FBS. Cells were 
transfected by lipofection using N-{2-(2,3)- 

30 dioleoyloxy) propyl -N,N,N-trimethyl ammonium methyl sulfate) 
according to the manufacturer's instructions (DOTAP, 
Boehringer Mannheim) . After 2 hours, the liposomes were 
removed and cells treated for 40 hours with phenol-red free 
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DMEM-FBS alone or with the following ligands: 100-300 nM T 3 
(L-triiodothyronine) , 100 nM LG69 {4 - { 1 - (3 , 5 , 5 , 6 , 8- 
pentamethyl-5, 6,7, 8 - tetrahydro-2-napthalenyl ) -1-propenyl} 

k benzoic acid), 50-100 nM Am580 (4 - (5 , 6 , 7 , 8- tetrahydro- 
5 5, 5, 8, 8-tetramethyl-2-napthamido) benzoic acid) or 100 nM 
VDj (lor, 25-dihydroxyvitamin D 3 ) . Cells were harvested and 
assayed for luciferase and E-galactosidase activity. All 
points were performed in triplicate in each experiment and 
varied by less than 10%. Each experiment was repeated 

10 three or more times with similar results. 



Example 2 
Expression and Reporter C onstructs 



For luciferase assays, response elements with 
Hindi I I overhangs were cloned into the Hindi I I site of the 
15 TK-LUC reporter which contains the Herpes virus thymidine 
kinase promoter (-105/+51) . Response elements with the 
underlined consensus hexanucleotide sequence were as 
follows : 



UAS C x 4 (i.e., 4 copies of the following sequence): 
20 5'-CGA CGGAGTACTGTCCTCCGAGCT; SEQ ID NO: 2 

IRO m TREp {i.e., 1 & 2 copies of the following sequence): 
5'-TCASSI£A 1SACCIGAG; SEQ ID NO:3 

DR4 x 2 

5 ' - AA AGGTCA CGAA AGGTCA CC AT C C CGGG AAA 
25 ASSX£aCGAAA££X£&CC; SEQ ID NO: 4 



DR5 

DR5 X 2 



5' -CAGGTCA-CCAGG&SSIC&GAG; SEQ ID NO : 5 



5 ' -AA&IifiX£ACCGAAA£fiX£A CCATCCCGGG AAA 
30 Afifil^CaSAAASin^CC; SEQ ID NO: 6 

ER8 

5' -ISACdTTCTCTCC SEQ ID NO: 7 

NBRE X 3 (i.e., 3 copies of the following Bequence) : 

5 ' -GAGITTA AAAGGTCA TGCTCAATTTTC ; SEQ ID NO: 8 
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MLV-DR4 X ^rr™"^ 0 ^^ 3 ^' SE ° ID »«• 
* {l .e.. 2 copies of the fonowing seguenc 

5 -AAfifillCaCGASfin^CGT; SEQ ID NO:10. 

5 irrrr vec r - d — *- >«* 

pr=»o t „ /el u,, ncer ' f u".,^ b VhiCh C °"" inS «» 
for t „„.c ri p ti0 „ i„ ° £ ^c oa l "° Pha9e " Pr °~"' 
TA. »». iaKBOm „ , °' 1S91 . T" S1 °" VeCt °" £or 

«M*m ,pr^ a 1 T Z, d . " r ViOU8ly d " erib "'- 
vector for fuU-le™ h ■ « .*p resslon 

(see Law et al i 992 V (excised from X2AP34) 

» fusion contains the 7 ami ^ TheVP "-«** 

Herpes VP16 f«^'„HT of 

full-length hRXRo ^ fU " d ""^^ to *• 

receptor l^^T ^ * fUSin9 ^ 
20 the yeast aLT^L^ *° "* ° £ 

PSG424 (see SadTl; ; d 9 p d t °T ^ ^ f ~ 

12:7539 (1989), I Acids *«• 

^ " (198 9>): human RXRor LBD (Glu 203 - Thr 4«» 

Nurrl (Cys 318 - Phe 59a. >, ); m ° U8e 

/ rne 598); human T,Rfi (Leu 173 - Ann iu> 

human RARor (Glu 156 - Pro 462) • P ,; 

25 427) Th. fm ' d human ^ (Glu " - Ser 

nu earTocaT eXPre88i ° n C ° n8trUCtB C ° nt * in «- "40 TAg 
Thr 462, CMX Z\ " ^ hU,Mn ^ < Glu 203 - 

t « , ^ ^ l6ft PanCl ° £ Fi9U " 5 < CV-1 cells were 
transfected with rh. f^n Ufl wre 

ng/10' cells, Ls Wln9 Pla8mid8: IR ° TK - LUC 1300 

9/10 cells,, CMX-^gal (500 ng/io' cells) alone (-, or with 
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CMX-Vp 16 . m (100 ng/10 , cens) ^ 

cells, as indicate. No ligand treatment 1,9/10 
Luciferase activity was „ nrajl • ^ employed, 
internal control In ™T '° ^ '^actosidase 

activity obtained in L ~** ri ™> ^ -«« llMd 

/ wwmea in the presence of VP-rxp t d ~ ^ 
Plotted .. , ceivity reUtiye ™ « ,« is 

~ t „ h , ve . relacive acti h ; u r ; p ; £ rt ; r n * * ^ 



Examnlft ft 

Ligand Rinding ft flgflVfT 



25 



30 



0 Bacterially expressed proteins w^-> 

36A J"51)J, chicken TJtel (see Po^, 

j». » ci^-oi,. 3 ^ PQly dI . dc ; :,zzj~z 

inducted oligonucleotide. 10 „1 of 50% (v/vl ~ V- 

^.ione-eepH^oee ,Sig™, " ln u ^ 

-Trie. p„ , 5% ^ 1M ^ ^ m a ^ i '» 

Where indicted (,«. f or example. pl »™ 

i ' u ro * 10 minutes th* 

glutethion.-eph.ro.. t««ta ».r. v..„.d thre. time. *?! 

d t. a l d ndi " 9 bUfi " " d °» —« ° £ '"»' ^ - 
det.m ln .d ,„ . Uqui d .cintill.tion count.r B.cka,„ * 

indin, ... detained Wtn the c ST control .Id CSS 

3-5% of the tot.1 binding ...„ with OST-KX*. 
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Examnlp A 

RXR Responsiveness is Diminip hed in t^-r ^r 
and RAR-RXR hwr^rnriim> rff 

Since T,R and RAR function as heterodimers with 
RXR, RXR responsiveness was examined in the context of 
RXR-T,R and RXR-RAR heterodimers. Attention is directed to 
Figure 2, wherein transient transfection analysis of T'R-RXR 
and RAR-RXR heterodimers is described. Reporter constructs 
employed contain the HRE indicated in the figure, cloned 
upstream of the TK-LUC reporter. In the left panel of the 
figure, cv-i cells were transfected with the following 
plasmids: HRE x 2 - TK-LUC (300 ng/10* cells). CMX-hT,R0 
(20 ng/10* cells), CMX-hRXRcr (20 ng/10 1 cells) and the 
internal control CMX-0gal (500 ng/10* cells) . Cells were 
treated without ligand or with 100 nM T,, 100 nM LG69 or 100 
nM Tj + 100 nM LG69. 



In the right panel of Figure 2, cells were 
transfected with HRE x 1 TK-LUC (300 ng/10' cells), 
CMX-hRARor (50 ng/10* cells) CMX-hRXRcr (50 ng/10* cells) and 
20 CMX-0gal (500 ng/10* cells). Cells were treated without 
ligand or with 50 nM AmSfiO. 100 nM LG6 9 or 50 nM Am580 ♦ 
100 nM LG69. Normalized lucif erase activity was determined 
and plotted as fold-activation relative to untreated cells. 

Although cells transfected with both T,RB and RXRo 
25 expression vectors were responsive to T,, they were 
surprisingly not responsive to the RXR specific ligand LG69 
(see Figure 2; Boehm et al.. in »7. Med. Chem. 3_7 : 408-414 
(1994) ) . Treatment of these cells with both T, and LG6 9 did 
not result in further stimulation of the T, response, rather 
the response to T 3 was somewhat reduced. Similarly, cells 
simultaneously transfected with RARer and RXRo expression 
vectors responded to the RAR -specific ligand Am580, but 
remained unresponsive to LG69. In contrast, treatment with 
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*CT7U$9*J 702-1 
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^580 ♦ LG69 result * 



activity 
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=-tai„i„ 9 th . M c Pr r? — ««- 

,0 «-«») • Th. ability^,, lnJ " d '° "» *» » 

»=epto„ contlini „ 9 £ * P««n=. of txunc, ted 

«.n.i.nt transection „„, ° °' 1,8 <* ««. Thus. 

=on.truct. co„t. ined 4 ™, " ™ 

"» »-UC reporter. w °^« "» clon« d of 

X 4 «-LUC ,300 „ g/1 „. * ,!!" «•»'•«.<! with u», 

» «•«.>. «x.^ a (50 10 ng ;; 0 1 ' c >■ „ g/10 ° 

™l°"i» 3 transection. ^ T • 
« -ith 100 M W6S , 100 J 1 ' without li 9Md 

»o™.iiz ed a uci f „.., . cc Zl: ™° " 100 m ™- 
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and RAR LBDs f see Figure ^ Tn 

f ailed to suppress rxp ^ contrast. the vdr lb d 

z„:rzT'T Th - e 

» mediated solely bv in ° " y "^'S^ T,R and raj, 

= these receptor, by between th . UDs o£ 

^e„ Mnt r"i h r " u v i e ". h ^ t rr« enc with m ^ 

»»9Pal et ,„,, " cell « <•••• for example. 

» °«,rn,in, vheth . r Sf^V.t- ; " "* S ° U9ht "> 

in r .sp ons . " th " ed «— « activate 
— - Figure 3. the T R rab ""^ li9a " d »- *• 
"g.nd-dependent activation' ™ ^ C °" f '"ed 

Thus. "* UP °" Gii - R »- b"t „„t 

activation i„ the absence oHir" """"""on,! 

ce of direct DMA contact. 

The expe r i„ em . described with r..„ 
3 »a. also performed with th. " s " c * » Figure 

...... and T R ore"' 0 " °' *»"~** 

» »l« which illustrated"^ ^ 

treated according to th. r.„ i ' huii - cell » 

<«.x»i„.d £ p o ted ,7 "d 1UCU "" e >C " V " y - 
untreated cell. 'old-activation relative to 



— on ZZZuT"^''''"" " t * « *" 
" Plotted a, fold-, „-,."._ the., data 

"ere re- 

**e«. that the Ic,. o' f l^TT"" « "•"»• » - « 

°u.litativel, .i^T" °L T ^ ^ *** 

1«M receptor, or their STr".! T" *»- 

- « to a coordinate reductio^ ZLZZlTuZ 
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induced activities of GAL-RXR, hence the fold response to 
LG69 wad only modestly inhibited from 69-fold (see Figure 
4A, GAL-RXR alone) to 57-fold by the T 3 R LBD (Figure 4B, 
GAL-RXR + T,R LBD) . Addition of T 3 resulted in strong 
5 activation of T 3 R and the combination of T 3 + LG69 resulted 
in slightly less activity than with T 3 alone. In contrast 
to T 3 R, unliganded RAR LBD strongly suppressed the fold- 
responsiveness of GAL-RXR to LG6 9. Treatment with Am580 + 
LG6 9 resulted in increased transcriptional activity over 
10 that seen with AM580 alone suggesting that RXR 
responsiveness to LG69 may be restored by addition of the 
RAR agonist AmSSO (Figure 4B) . 

Example § 

par and t.r Differentially Suppress 
15 the Lioand Bindin g Activity of RXR 

In addition to decreasing basal and activated 
transcription, RAR also blocks the ability of RXR to 
respond to its ligand. Thus, the possibility that RXR is 
incapable of binding ligand when tethered to RAR was 

20 examined. A bacterially expressed glutathione-S- 

transferase-RXRa fusion protein (GST-RXR) was incubated 
with recombinant T 3 R or RAR in the presence of radiolabeled 
RXR ligands. The amount of ligand bound to RXR or RXR- 
containing heterodimers was quantitated using glutathione- 

25 sepharose as an aftnity probe. In the left panel of 
Figure 6A, purifed GST-hRXRa was incubated with 50 nM 
[ J H]LG69 (56 Ci/mmol) and the optimized RAR reponse element 
5' -GCAAA AGGTCA AAAAG AGGTCA TGC-3' ; SEQ ID NO: 12; Kurokawa 
et al., Genes Dev. 2:1423-1435 (1993)) alone or with 2 mM 

30 LG69, 2/iM Am580. In the right panel of Figure 6A, purified 
GST-hRXRa and the RAR response element were incubated with 
25 nM [ 3 H] at-RA (49 Ci/ramol) without or with 500 ng of 
hRARa. The amount of specifically bound [ : H] label was then 
determined employing standard techniques as previously 

35 described. 
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As expected, binding of Ph]lt*q . „ 
"h.„ CST-RX, .„ „ ixed wieh ~ ^ **> »« »»~rv ed 

"ound ,.„ )LGSS . .T.-n^jr" of "»<"»n y 

could b. ..turwed with ,~ • lndlc "" "at GST-Rm 

in d icat « t j t err 1 ;*":' 1 " 1 

«»««y of v-m or „,.„ hm J^, ° dl " 9 

±n cne presence of rar-t p ^ w 

■l«n. or » lth 500 ng of ^ o Cl/ -» 1 ' «« i»=ub.t M 
optimi„d RAR reasons. " T '' i,,l " d el >« 

T, w..^ d ««» indicated. 

or. MCi = u'ti 1 ;^ :: d :r on of ~ — - » 
■~ li9 „d ^e'sr.rr r to 

modest reduction in [>H)LG69 M n ** ° * 

>• :rnr .«o n51y J.r.:idrr. 9 dd ltl ror;- 

occupied by T, , Fi3u „ 4B1 ' ndu "'°" " ^"t.d .„.„ T)S 
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The transfection experiments summarized in 
2 «, < B indicate that ^ hmaer ^ 

RXR responsxveness only in the presence of an RAR ^ 
suggestinq that • "3and, 

5 ligLd. to eT th 7 aCtlVity ma> ' * r " COred b * «» 
9-L ra h h • hypothesis, the observation that 

* «, RA blnd8 Wlth h . gh ^.^ ^ t 

(Allegretto et al.. 1993; waa \ 

;:rr; h Thue ' ^. -iSt 

rorm m the presence of ['Hls-cis ra d 

1™. 1 » deters " 

the .bsence or pr...„c. of 2 W „ Md/or , l " 
experiment., bindin, „■ i„ m,. 

15 300 fmol of IWli 3Md . 9 ' ° f »«- 

Although A»580 fully competed with l-Hlar c. , 
b-dino to CST-RWRAR het.rodilr. » ^£ 

«» RA binding (see Figure 6C ) Nearlv 

cm Mnd n 9 ,nd. provided th. RAR lbd i. occupied 
The., tod.ng. .r. con.i.t«„t with th. r..tor,tio„ of ™ 
r..po„. lv ,„... in R».occupi,d heterodimer. ( ricu re 

Example 7 

M «n t i f i rnr io n nf , Nffvrl B 1n ,.„ pn „ i .. w . ....^ 1 | [ir| 
cl„ P "'"'* y *' U — l"'«ti9.t.d whether £ 

.o .tcVr* v * ccive c °— in °<"" " 

>u search for such complexes th* Tim ~* ^ 

cne of a number of micl**r 

determine whether the RXR lbd could confer LC*9 
responsiveness upon these GAL-LBD chimeras. Thus CV-1 
cell, were transfected with UAS, x 4 TK-LUC (300 ' ng/10 . 
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cells), CMX-0gal (500 ng/10* cells) and the indicated 
CMX-GAL-receptor LBD construct (100 ng/10* cells) wich or 
without CMX-RXR LBD (100 ng/10 1 cells). Following 
transfection, cells were treated without ligand or with 100 
5 nM LG69.4 Normalized lucif erase activity was determined and 
plotted as fold-activation relative to untreated cells. 

As expected, LG69 responsiveness was not seen 
when the RXR LBD was expressed alone, or with GAL-T,R and 
GAL-RAR (see Figure 7A) . Similarly, LG69 inducibility was 

10 not observed with chimeras containing the LBDs of VDR (see 
Figure 7A) or several other members of the nuclear receptor 
superfamily. Unexpectedly, strong responsiveness to LB69 
was observed when the RXR -LBD was co-expressed with a 
GAL- Nurrl chimera (see Figure 7A) . These results suggest 

15 that the LBDs of Nurrl and RXR form a novel heterodimer 
complex which promotes potent RXR responsiveness. 

Nurrl (also known as RNR-1, NOT, HZF-3), the 0 
isoform of NGFI-b (also known as nur77, N10, NAK-l, TR3) , 
is reported to be a constitutively active orphan receptor 

20 that binds as a high-alnity monomer to an AA-AGCTCA core- 
site (NBRE) (see, for example. Law et al., 1992, supra 
Wilson et al. f 1992, fiupxft; Scearce et al., 1993, supra : 
and Wilson et al . , 1993, fioa). This prompted further 
investigation as to whether full-length Nurrl and RXR could 

25 interact productively on the NBRE. 

Thus, CV-1 cells were tranfected with NBRE x 3 
TK-LUC (300 ng/10* cells), CMX-^gal (500 ng/10 1 cells), 
alone or with CMX-Nurrl (100 ng/10* cells) and CMX-hRXRa 
(100 ng/10 1 cells) as indicated in Figure 7B. Following 
30 transfection, cells were treated with or without 100 nM 
LG69. Normalized lucif erase activity was determined and 
plotted as reporter activity. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 

(i) APPLICANT: Evana. Ronald M. 

Forman, Barry M. 
Umaaono, Xazuhiko 

(ii) TITLE OP INVENTION: ALLOSTERIC CONTROL OP NUCLEAR HORMONE 
RECEPTORS 

(ill) NUMBER OP SEQUENCES : 13 

<iv) CORRESPONDENCE ADDRESS: 

(A) ADD RES SEE: Pretty, Schroeder, Brueggemann & Clark 

(B) STREET: 444 South Plowar Street, Suite 2000 

(C) CITY: Los Angela* 

(D) STATE: CA 
(B) COUNTRY: USA 
(P) ZIP: 90071 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Ploppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS -DOS 

(D) SOFTWARE: Pa tent In Ralaaaa #1.0, Version ftl.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/372,217 

(B) PILING DATE: 13 -JAN- 1995 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Reiter, Stephen E . 

(B) REGISTRATION NUMBER: 31,192 

(C) REFERENCE /DOCKET NUMBER: P41 9l»0 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-S4C-4737 

(B) TELEFAX: 619-544-9392 



(2) INFORMATION FOR SEQ ID 110:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 amino acida 
<B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(il) MOLECULE TYPE: protein 
(v) FRAGMENT TYPE: internal 



(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

Cys Xaa Xaa Cya Xaa Xaa Aap Xaa Ala Xaa 01 y Xaa Tyr 

15 10 

Xaa Cye Xaa Xaa Cy« Lya Xaa Pba Pha Xaa Arg Xaa Xaa 

20 25 

Xaa Xaa Xaa Xaa Xaa Xaa Cya Xaa Xaa Xaa Xaa Xaa Xaa 

35 40 45 



Xaa Xaa Xaa 

IS 

Xaa Xaa Xaa 

30 

Xaa Xaa Cya 
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Xa * Xaa Lyi ju* Ym» * 

50 y Xaa Arg x.. xa* Cy. Xa. X*. Cy. Am * 

£• cy. Xa. x*. x.. 01y ^ 

70 

«) INFORMATION FOR SBQ. jj) jjq . j . 

JO strandedhess* 222 

' Xi) SSOTQ,CE «*«Xm<»: SBO, IDNO , 2 . 
CGACGQAGTA CTOTCCTCCG AOCT 

<2) INFORMATION FOR SEQlDNO:3: >« 

IB) TYPE: nucl«ip »/.r3 
»> TOPOLCCYT^ Uj b0th 
(U> «»» DHA , gMOBlic , 

<xi) SE0DD,CE "TOWXOII, SEOIDKOO. 
^^CTCATO ACCTGAG 

<B) TYPE: nucleic- 
<C» STRANDED*^ 

'XI) SEQUENCE DESCRIPTION: 8EQ ID *,.«. 

««» AA^ 

<2 ' ^«HATI0K FOR SEQ ID NO: 5: 

U) S ^?5^CTOl S TI C S: 

(■) TYPE: nuelale 

<C) 8TRAHDEDNXSS £2? 

<U) DHA < 3 ^ c) 
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,XA ' S8WD,CE D *« ImoN: S E0 ID KO-S- 
CAGGTCACCA OOAOGTCASA C 

(2) INFORMATION FOR SEQ ID m ,„ 

(B mi: nucl.ic «cld 

fD) TOPOLoSr^^ th 

TOACCTTTCT CTCCACOTCA 

«» TOP0L0^T^t h bOth 

(U) rm : n» , 9eaonic) 

««) s *OOB»d DESCXIPTIOM. SEQ ID NO • I - 
«OTTTAAAA OOTCATOCTC AATTTTC 
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